Reversal agents for non-vitamin K antagonist oral anticoagulants.
The non-vitamin K antagonist oral anticoagulants (NOACs) include dabigatran, which inhibits thrombin, and apixaban, betrixaban, edoxaban, and rivaroxaban, which inhibit coagulation factor Xa. Although clinical studies of NOACs were conducted without antidotes, patient outcomes with major bleeding when receiving NOACs were no worse than those in patients treated with a vitamin K antagonist. Nonetheless, in patients with life-threatening bleeding or requiring urgent surgery, the capacity for rapid NOAC reversal is likely to increase patient safety. Three NOAC reversal agents are in various stages of development: idarucizumab, a specific reversal agent for dabigatran; andexanet alfa, which reverses factor Xa inhibitors; and ciraparantag, which is purported to reverse all NOACs. Idarucizumab is licensed in many countries, andexanet is under consideration by regulatory agencies, and ciraparantag is undergoing phase III evaluation. In the absence of licensed reversal agents for the oral factor Xa inhibitors, prothrombin complex concentrates are often used in patients taking these agents who present with life-threatening bleeding. In this Review, we summarize the approved indications for the NOACs, outline how to measure their anticoagulant effects, describe the mechanism of action of the reversal strategies, assess the preclinical and clinical data supporting their use, provide guidance on potential indications for reversal, and offer a management approach for patients treated with NOACs who present with serious bleeding or require urgent surgery.